INTRODUCTION
An Arteriovenous fistula (AVF) is the most preferred type of vascular access for maintenance haemodialysis (MHD). 1 The main problem after AVF formation is a failure of maturation. The AVF needs to mature into a low resistance circuit that can undergo repeated cannulation.
The number of patients requiring AVF surgery has increased owing to the burgeoning number of patients with chronic kidney disease (CKD). 2 In addition, there is increase in proportion patients in extreme age group, diabetes mellitus, and peripheral vascular disease. 2 A functioning AVF is a major requirement for successful long term MHD. However, any AVF complication may lead to hospitalization that may increase the cost of AVF maintenance. There should be adequate knowledge about the complications of AVF leading to timely measures to prevent deterious consequences ranging from morbidity to death. Immediate post-operative complications include hemorrhage, low flow rate in draining vein, edema and hematoma.
Late onset complications include infection, aneurysm (either true or false), stenosis, steal syndrome, ischemic neuropathy and thrombosis. 3 AVF care should be a priority for the entire team involved in CKD patients on maintenance haemodialysis. Early referral should be done for AVF formation so that any post-operative complications can be taken care of before patient needs to start haemodialysis. Therefore, complications related to AVF surgery need careful evaluation to reduce the rate of postoperative complications.
METHODS
A retrospective analysis of prospectively maintained database of all the patients' undergone AVF surgery between January 2016 to October 2018 in Department of Surgical Disciplines, All India Institute of Medical Science, New Delhi was collected. The study population was CKD-5 patients. All the inpatient and outpatient hospital records were reviewed, and data were tabulated in MS Excel 2016.
Inclusion criteria
• CKD-5 patients, • Both male and female • And all age patients.
Exclusion criteria
• Patients who died • Patients having psychiatric disorders.
All the pre-operative factors and intra-operative findings were collected from operation theater data registry. The data regarding medical comorbidities and examination findings like, blood pressure, compressibility of the vessel, and previous venous punctures was collected from out patient's record sheet.
All the operations were performed in the Department of Surgical Disciplines, AIIMS, New Delhi.
The details of postoperative (scheduled at day 1, 14, 60) follow up visits after the creation of AVF scheduled were also collected from the out patients record sheet. The AVF was assessed clinically for the presence or absence of bruit and thrill during follow up. Post-operative complications and appropriate intervention undergone by the patients were also recorded. The data was analyzed to assess the relation between various pre-operative and intra-operative factors to the complication rate following AVF surgery.
Statistical analysis
Statistical analysis was done using the SPSS IBM software (Version 20). Categorical data were compared using Chi square test, nominal data were compared using Student t test, and the statistical significance was set at P <0.05.
RESULTS

Demographic data
The study population consisted of CKD patients requiring AVF for MHD. During the 2-year study period, 549 AVF were created in 435 patients including the revision surgery. The mean age of the study population was 41.14 years (Range: 15-76). There were 306/435 (70.3%) men and 129/435 (29.7%) were women. The medical comorbidities with in the study population were hypertension (HTN) in 381/435 (87.6%), diabetes mellitus (DM) in 86/435 (19.8%), peripheral vascular disease (PVD) in 36/435 (8.3%) and congestive cardiac failure (CCF) in 8/435 (1.8%) patients.
Pre-operative dialysis
Patients undergoing haemodialysis via catheters before AVF surgery were 345/435 (79.3%); moreover, this proportion did not know the reason for the need of AVF's. Further, 92/435 (21.1%) had pre-operative knowledge regarding the preservation of veins.
Operative data
The distribution of site of AVF surgery showed 280/435 (64.3%) patients had undergone radio-cephalic AVF, 150/435 (34.4%) had brachiocephalic fistula (34.4%) and 5/435 (1.14%) brachiobasilic AVF (performed in two stages). The exteriorized of brachiobasilic AVF was performed after 6 weeks. 421/435 (96%) of the AVF's were in the non-dominant limb. Intra-operative atherosclerosis was found in 24/435 (5.5%).
Follow-up
The patients were followed up for post-operative complications. The major post-operative complications are summarized in Table 1 , and the various causes for primary failure of AVF are listed in Table 2 . Also, all patients with postoperative complications had undergone various treatment modalities (Table 3) . 11/84 (13.1%) patients from primary failure group underwent endovascular intervention in the form of angioplasty for the stenosed low flow AVF; further, leading to a functional AVF. The relation between different pre-operative and intraoperative factors was assessed using Chi-square test and Fisher's exact test. The relation between different preoperative and intra-operative factors was assessed using Chi-square test and Fisher's exact test. A statistically significant correlation was found between gender and pseudo aneurysm formation (5 were men and 7 were women; P = 0.048). Diabetes mellitus was associated with intra-operative atherosclerosis in 15/24 (62.5%) patients; although not statistically significant (P = 0.08) ( Table 4) .
Operational definition
Primary failure was defined as an AVF that did not develop or failed to mature before the first successful cannulation for MHD treatment, eventually leading to abandonment of AVF. Maturation was defined as the fistula that had the potential for being used clinically as an AVF for MHD. (Table 1 and 2) in this study population was 84/435 (19.3%). The major cause for primary failure was post-operative thrombosis which if corrected early can result in salvage of the AVF. Primary failure continues to be a major complication, ranging from 25-43% according to some studies. 4, 5 Detailed preoperative evaluation of the risk factors and a dynamic approach to detect early thrombosis is needed to deal with the primary failure of AVF. 6 Pseudoaneurysm (Figure 1 ) rate in this study population was 12/435 (2.8%); among this, 10/12 had undergone surgical treatment. The management of pseudoaneurysm is mostly surgical; however, a few reports of endoprosthesis used as treatment of pseudo-aneurysm is mentioned in the literature. 9 Only two patients in this study were managed using endovascular intervention leading to stenting of the aneurysm site and rest were managed surgically. Pasklinsky et al, reported 29 cases with true aneurysms and 43% of these were managed surgically. The management options reported in the literature are based on expert opinions rather than evidence-based studies. Therefore, there is a lack of literature regarding the definitive management options of various complications. In patients with DM, 15/24 (62.5%) patients had intra-operative finding of atherosclerosis (P = 0.08). There was a statistically significant relationship between female gender and pseudoaneurysm formation (P = 0.048). Surgical site infection was found to be more in patients who did not have pre-operative education 24/26 (P = 0.083).
There are several limitations to this study. This is a retrospective study. This study includes data from a single centre. Therefore, cannot be generalized to an entire population. This study was restricted only to the frequencies of the complications and their management options. The effectiveness of the management options for complications could not be assessed. There was poor compliance to follow up.
CONCLUSION
Overall complication rate following AVF surgery was 32.4%; further, primary failure rate was the most common complication observed in this study population.
